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Abstract-Infrared technology has brought a quantum leap in the specialization of non-destructive systems for internal quality inspection of agricultural and food products. Applying near-infrared spectroscopy technique (NIRs) for tracking and estimating some antioxidants such as (Lycopene, β-carotene, Phytoene and Phytofluene) in tomato fruit fractions (Exocarp, Mesocarp, Endocarp and Tomato pomace) with prediction model. High-performance liquid chromatography (HPLC) device showed the antioxidant concentrations values within tomato fractions. Where, the maximum and minimum values observed in the mesocarp and exocarp fractions. Also, tomato fractions color analysis confirmed these results. Meanwhile, mesocarp fraction within range dark red color with h°≈ 31.7°, due to increased lycopene concentration, whereas, exocarp fraction was 77.29° for h°, within yellow range. In addition to HPLC and color reference methods were consensus significantly with the different of spectral transformations by the regression of partial least square (PLS). NIR spectra and antioxidant in tomato fractions were taken to establish calibration models for tracking and estimating antioxidant in tomato fractions by using partial least squares (PLS) model. 
I. INTRODUCTION
Indeed, tomato (Solanum lycopersicum) crop occupies ranked second globally after potato crop where consumed in fresh and processed form according to Food and Agriculture Organization Statistical [1] . It's due to that tomatoes are a highly nutritional food where they are rich in antioxidants compounds content and their impact on health benefits where a lot of studies indicate that the tomato antioxidants in general and lycopene compound in particular, Helps prevent some chronic diseases e.g., some types of cancer, heart disease and vascular disease [2] . The anatomical structure for tomato fruit composed of several different tissue fractions. The tissue that surrounds the tomato seeds is called pericarp which is mainly comprised of three main parts exocarp, mesocarp and endocarp [3] - [5] . Exocarp sometimes called the epicarp (skin), since the skin consists of a layer of outer skin, this layer is covered by a thin crust made of polyester and the thickness of the cutin ranges from 4 to 10 µm, hemicellulose and pectins. While the mesocarp, described as the thick part of the pericarp called (red layer) and finally the endocarp is the inner part of the pericarp which surrounds the seeds called (flesh pulp) [4] . Numerous studies pointed to that lycopene compound as a one of the most important antioxidants in tomatoes, which is responsible for the biological composition of the color of dark red, which is characterized by tomatoes at maturity [2] , [5] - [6] . The most widely published studies have focused on the antioxidant properties of tomatoes; especially for lycopene and beta-carotene content in different stages of maturity, reached to that the lowest mean value of lycopene was observed in the green color phase. It means that color grading of tomato fruit from green to red offset different values of lycopene content, it was increased during color degradation from green to dark red [6] - [8] . According to a lot of studies about determination the hue angle of the red ripe tomato, [9] pointed to that the hue angle of red color for ripe tomato ranged from 30° to 40° while [3] , found that the hue angle between 37.99° to 42.36°. Additionally, [8] reached that the hue angle of deep red tomato ranged from 33.59° to 44.12°. While [10] reached the same conclusion for sweet pepper fruits where clarified through results that the hue angle of yellow sweet pepper was from 80.8° to 85.58° indicated that lycopene content ranged from 0.33 to 0.88 µg.g -1 (FW), whereas lycopene content ranged from 10.9 to 20.01 µg.g -1 (FW) for red sweet pepper at hue angle ranged from 14.7° to 23.75°. Also, [11] found that yellowcolored fleshed papaya fruits only contained very low amounts of lycopene; on the other hand the red papaya fruits contained high amounts of lycopene. In recent decades there were a lot of scientific investigations about estimating the value of antioxidants concentration in the different fractions of tomato fruit. In the first half of the last century proved both [12] , [13] that there are two separate groups of genes that are located in different chromosomes that affect the color of mature tomatoes. The first group of genes is responsible for the color of the skin Y, and leads to the most widespread form of tomato skin. The second group recessive leads to skin without color. While the second gene responsible for the flesh color tomato produces red (R), or yellow (r) and as a result of this scientific evidence concluded that the lycopene content in the skin fraction at differing genetic constitutions less than the lycopene content of flesh pulp fraction at the same differing genetic cases. The lycopene was found to be absent from yellow blossoms [14] . While, [15] , found that the content of the lycopene in the husk is about 734 µg.g -1 of dry matter, in contrast the seeds content of lycopene was 130 µg.g -1 of dry matter. Also, [16] reported that the skin fraction of tomato has high levels of lycopene compared to the other fractions of tomato fruit. By the same toked [17] mentioned that the tomato skin fraction is a rich source of lycopene, possessed lycopene about five times more than in the tomato pulp fraction. Also, there is a study proved that the skin fraction of tomato has lycopene more than double the existing in the pulp fraction [18] . Showed, [19] that the lyophilized peel contains 5.85 mg of lycopene per 100 g, whereas in the puree the concentration is 2.91 mg/100 g. As for beta-carotene concentrations are 2.90 mg/100 g of peel and 0.15 mg/100 g for tomato puree. By the same approach [20] found that the skin part has the highest proportion of lycopene and at the same time found that the amount of lycopene in the pulp layer larger than in the tomato seeds. In the last, [21] proved that, skin fraction is the main source of antioxidant and antioxidant activity in tomato fruits.
Antioxidants in different fractions of tomato fruit were estimated by using conventional methods like highperformance liquid chromatography (HPLC), despite the precision that characterizes this method, but it need complicated procedures in terms of preparing appropriate environment, the accuracy for samples preparation, also providing and preparing chemicals for processing and analysis. So, it is clear from this that the method requires highly accuracy and time and effort consuming, in addition to slowness of operation and use of hazardous chemicals [22] . On the other hand, the majority of researches nowadays become about the modern non-destructive methods that can achieve accurate measurements, faster, safe, save time and effort, economical and environmentfriendly also. So we have got these days, many of these methods that used for several estimates have been made for different characteristics such as optics, x-rays, ultrasonic waves, infrared and magnetic resonance imaging. Some researchers have implemented practical works and are currently considered a technology used in estimating chemical components and quality parameters for fruits and vegetables [23] - [25] . Electromagnetic spectrum which ranges from 780 to 2500 nm, considered highly suitable for analyzing samples containing carbon, hydrogen and N-H compounds making it very ideal for use in evaluating samples of fruit which contain high percentages of water and carbohydrate [26] , [27] . A lot of studies used visible light band and the near infrared band in the wavelength region between 400 and 2500 nm to evaluate carotenoids content in tomato and developed which performed very well in determining total carotenoids, lycopene, beta-carotene and SSC of tomato fruit and products derived from tomatoes [28] - [30] . While, there were many investigations used NIR technology to quality inspection for other horticulture products such as mango [31] , [32] and [23] for predicting carotenoid in summer squash fruit, while banana and potato by [33] , [34] respectively. As a result of this inconsistency in the information about determination the antioxidants concentrations values of tomato fractions and the handicaps of conventional methods. So, the main objective in this study is to use near-infrared spectroscopy (NIRs) as modern technology to tracking and estimating some antioxidants in different tomato fractions, in order to get, precision model to predict the antioxidants concentrations of tomato fractions compared to HPLC as a standard reference method.
II. MATERIALS AND METHODS

A. Samples
Fresh tomato samples 20 kg, variety (Daniela, Almerıa, Spain), were purchased from a local market in Budapest, Hungary. Tomatoes were washed well and separated into four different fractions, skin (Exocarp), attached red layer (Mesocarp), flesh pulp (Endocarp), and tomato pomace. The skin of the tomatoes was carefully separated from attached red layer and the pulp using sharp knife and separated the attached red layer from the pulp. Pulp was the portion of tomato remaining after removing the skin and seed fractions and was cut into small cubes. Some samples were cut two halves and blended in a mechanical blender (Omega Juicer VRT350) to obtain two products tomato juice (without peels and seeds) and pomace (tomato processing byproduct). The samples (80 Exocarp, 80 Mesocarp, 80 Endocarp and 80 tomato pomace), were vacuum packed and stored at −21 °C until required for analysis.
B. Near-infrared (NIR) scanning
All NIR spectral measurements for tomato fractions samples (Exocarp, Mesocarp, Endocarp and tomato pomace) were acquired immediately after extracting all tomato fractions. Tomato fractions samples were scanned using Perten DA7200 NIR analyser (Perten Instruments, Huddinge, Sweden) equipped with a diode array detector (950-1650 nm wavelength range). The spectral resolution was 2 nm. Spectra of the samples recorded once for each sample, and obtained as an average of 4 scans. The instrument was equipped with the Unscrambler 10.2 software (Camo, Oslo, Norway) and the spectra were collected with diffuse reflectance mode. Multivariate calibration was carried out by using partial least squares (PLS) regression with full cross-validation. Several signal preprocessing techniques were tested to remove physical light effects and enhance the chemical data in the spectra in order to find the optimal calibration model for antioxidants (All-Trans-Lycopene, β-Carotene, Phytoene and Phytofluene). The NIR spectrum was divided into three wavelength intervals 950:1650, 950:1350 and 1350:1650 nm to obtain the best calibration model. The best wavelength range was selected based on the lowest root mean square error of cross validation (RMSECV) [35] , [36] . In this study, multiplicative scatter correction (MSC), first derivate Savitzky-Golay (S.Golay) and standard normal variate (SNV) were applied [37] . The performance of the final model was evaluated according to coefficient of determination (R 2 ) for calibration, full cross validation and root mean square error of cross-validation (RMSECV). The optimal number of PCs was determined by the lowest mean square error of cross-validation. After the optimal calibration model for each antioxidant parameter was selected. An external validation was applied to verify the equations obtained in the optimal calibration model for all antioxidants in tomato fractions. External validation was evaluated based on the coefficient of prediction (R 2P ), standard error of prediction (SEP), (RPD) the ratio of the standard deviation (SD) of validation samples to standard error of prediction (SEP) Equation (1), and (RER) the ratio of the reference data in validation samples range to standard error of prediction (SEP) Equation (2), according to [26] , [38] - [40] . The best optimal model was chosen based on the higher values for R 2P , RPD and RER in addition to the lowest value of SEP.
Where and ̂ values of reference and NIR methods for validation samples, while N, K and SD number of samples, number of wavelengths used in an equation and standard deviation of reference values.
C. Color analysis
Tomato fractions samples Exocarp, Mesocarp, Endocarp and tomato pomace were color analyzed at three points in all tomato fractions and pomace, using CIE Lab color space by a Sheen Micromatch Plus tristimulus colorimeter (Sheen Instruments Ltd., Kingston-Upon-Thames, U.K.). The L*, a*, b* values, were received directly and recorded according to Commission Internationale de l'Eclairage [41] . Where, the red-yellow ratio a*/b* and hue angle (h°) were calculated according to [42] . Three replicate measurements were performed and results were averaged.
D. Extraction of carotenoids
Five-gram samples from each tomato fractions were taken in triplicate (at least) and disintegrated in a crucible mortar with quartz sand. The water was removed by adding 20 mL methanol. The mixture was then transferred quantitatively to a 100 mL conical flask, and 70 mL of a 6:1 dichloroethane methanol solution was added. The mixture was shaken for 15 min by a mechanical shaker. Distilled water was with hand shaking till the dichloroethane phase was clearly separated from the polar phase (water + methanol). The two phases were separated in a separator funnel, and the lower layer containing lipids in dichloroethane was dried over anhydrous sodium sulfate. Finally, the organic solvent was evaporated under vacuum by rotary evaporator at not higher than 40°C. The residues were re-dissolved in HPLC acetone, as the best organic solvent that ensures high solubility of most of carotenoids before injection onto HPLC column [43] .
E. High-performance liquid chromatography (HPLC) analysis
A Hitachi Chromaster HPLC instrument, which consists of a Model 5110 Pump, a Model 5210 Auto Sampler, a Model 5430 Diode Array detector, and a Model 5440 Fluorescence detector, was used for the determination of all compounds. Instrument and analysis were operated by EZchrom Elite software (version 3.3.2.SP2) and the separation of carotenoids was performed on Accucore (Thermo Scientific) C-30, 2.7 µ, 150 x 4.0 mm column with gradient elution of (A) tetra-butyl-methyl-ether (TBME) and (B) methanol. Peak identification was based on comparison of spectral properties and retention time of carotenoids of the samples with those of available standard materials like Lycopene, β-carotene and zeaxanthin, which were purchased from (Sigma-Aldricht, Budapest, Hungary). In case of compounds with no available standards, the peaks were tentatively identified according to their spectral characteristics and chromatographic retention as compared to literature data [44] , [45] . The column effluents were detected and integrated at their maximum absorption wavelength for quantitative determinations. They were quantified as either lycopene or β-carotene-equivalent (μg.g -1 , which is equal to g.kg -1 ) according to their spectral characteristics according to [46] .
F. Statistical analysis
The data were subjected to the proper statistical analysis of variance according to [47] . A completely randomized design (CRD) was taken to study the significance of the variables of tomato fractions (Exocarp, Mesocarp, Endocarp and Pomace) and the measurements of (Lycopene, β-Carotene, Phytoene, Phytofluene, a*, a*/b* and h°) using SPSS program version 20.
III. RESULTS AND DISCUSSIONS
A. Reference methods analysis
The physicochemical characteristics, color and some antioxidants compounds of tomato fruit fractions, skin (Exocarp), attached red layer (Mesocarp), flesh pulp (Endocarp) and tomato pomace were analyzed in order to quantification and verification of the actual values of antioxidants in all tomato fractions. Table I shows an overview of physicochemical characteristics statics for all tomato fractions samples under study.
clearly evident through initial analysis data for color and antioxidants measured of tomato fractions samples, that there are significant differences in the red color concentrations between all tomato fractions as shown in Table I and Fig. 1 (a and b) . It was found that the red color concentration was increased by decreasing hue angle (h°) from 85.04° at Exocarp fraction to 19.32° at Mesocarp fraction and the mean values of red color concentrations were observed at flesh pulp fraction (Endocarp) and tomato pomace. Whereas the red color concentration increased by increasing a* and a*/b* index values, where were observed highly differences in a* and a*/b* index values at the Mesocarp fraction compared to those of the Exocarp fraction and the mean values of red color concentrations was recorded at flesh pulp fraction (Endocarp) and tomato pomace, this results for determination tomato fractions red color consistent with both [6] - [8] , [31] .
These differences in the values of red color readings between all tomato fractions due most likely to the high differences in lycopene concentration content in all different tomato fractions, this corresponds with the majority reported by [3] , [5] , [6] , [11] . Lycopene high value was observed in 27 .6% and 55.66% from the actual ratios in the other fractions Mesocarp, Endocarp and tomato pomace respectively. These results are in contrast with [16] - [21] . On the other side, these results correspond to both [6] , [11] - [15] . Beta-carotene content recorded the highest value in Endocarp followed by Mesocarp and tomato pomace. While, the lowest value noted in Exocarp fraction. Finally, the values of phytoene and phytofluenex increased from less value at Exocarp fraction then tomato pomace, Endocarp and the highest value observed at Mesocarp fraction as in Table I . The results of the statistical analysis of ANOVA for the color parameter and antioxidant concentrations of different tomato fractions showed that, there were highly significant differences on the mean of all measurements for different tomato fractions as shown Table II . 
B. Near infrared spectrum analysis
Original NIR spectrum with in wavelength range between 950 and 1650 nm for all data set and the average of original absorbance spectra for all samples of different tomato fractions showed in Fig. 2 (a and b) . It is clearly from the shapes of the original and average spectra in Fig. 2 that there are some peaks and valleys revealing the characteristics of the tested samples. The absorption curve of tomato fractions samples has some obvious peaks in the NIR range 950 to 1650 around 960, 1180, and the highest peak at 1430 nm. There was a clear variation between the averages curves in the near infrared spectrum absorbed ranged from 950 -1650 nm for all tomato fractions samples as shown in Fig. 2b . It proves that different fractions of tomato have different absorbance light in the infrared band. This is due to the difference in concentration of chemical components between the tomato fractions; this interpretation is in agreement with numerous studies which used near infrared band in order to estimate quality of agriculture products, like [25] , [39] . The calibration of spectra for tomato fractions samples showed almost the same trends and characteristics but there were differences appeared between mean spectra for all tomato fractions, in particular between Exocarp and the other tomato fractions. There is a noted peak at 960 nm, due to absorption by water and carbohydrates. This corresponds to the strong 950-980 nm absorption band of water, which dominates fruit components [25] . Another two prominent peaks appear at 1180 nm and 1430 nm, related to strong water absorption bands from 1150 to 1220 nm and from 1390 to 1470 nm, consistent with [26] , [27] , [48] . The descriptive analysis of tomato fractions antioxidants calibration model and external validation used in this investigation are summarized in Table III . Evidently, from the statistics of the PLS model which recorded in Table IV that the optimal spectral interval (1350-1650 nm) with preprocessing method Savitzky-Golay first derivative offered the best results in predicting both contents of lycopene and phytoene. Where, the lowest values of RMSECV were 141.12 and 40.78 µg.g -1 respectively at 4 PCs. While, the lowest RMSECV 16.99 µg.g -1 for β-carotene content was detected at the optimal spectral interval (1350 -1650 nm) without any preprocessing method. Finally, phytofluene content achieved the lowest RMSECV value (19.2 µg.g -1 ) at spectral range from 950 to 1650 nm with preprocessing method Savitzky-Golay first derivative with slightly decrease from the spectral range 1350 -1650 nm at no preprocessing methods. Through these results show that the higher correlations between near infrared band which ranged from 950 to 1650 nm and chemical composition for the antioxidant elements of tomato fractions fall into the NIR interval from 1350 to 1650 nm with pretreatment method Savitzky-Golay first derivative (S.Golay). In order to verify the model performance accuracy, external validation processes were applied and the external validation statistics for tomato fractions antioxidant were reported in Table V The data  obtained from Table V to evaluate the performance accuracy of calibration model showed that, the higher correlation between the selected near infrared band processed and HPLC reference method for tracking and estimating antioxidant of tomato fractions was noted by higher value of coefficient of prediction R 2P 0. Also, it appears from general trend of the validation results that the data of SEP obtained in the validation model were lower than SD, and this is an indication for the ability of NIR model to determination and prediction as mentioned by [23] , [40] . The obtained results of coefficient of prediction R 2P were in consistent with near infrared prediction models of antioxidant compounds reported in tomatoes and other fruits by [23] , [28] , [30] , [32] , [33] . It was found from the results obtained in external validation table that the values of RPD and RER for lycopene, beta carotene, phytoene and Phytofluene were 4. 81, 3.17, 3.97,  4.09 and 13.48, 8.78, 11 .09, 11.37 respectively. So, through these values of RPD and RER, it could be reached that the NIR prediction model has the precision and potential to assess the antioxidants in tomato fractions. This evaluation was based on previous recommendations for each [33] , [40] . : coefficient of prediction; RPD: ratio of the standard deviation to standard error of prediction; RER: ratio of the range to standard error of prediction. 
IV. CONCLUSIONS
The results obtained from this investigation demonstrate that NIRS has perfect potential for tracking and estimating antioxidants concentration in all tomato fractions in particular for the Lycopene, b-carotene, phytoene and phytofluene contents of fresh tomato fractions. The results showed that the value of coefficient of prediction (R 2P ) which used as a point for judging on the usefulness and accuracy of the developed NIR models not only used for screening and approximate quantitative predictions tomato fractions antioxidants but also are suitable for most applications including quality assurance. The best prediction models which were obtained for tracking and estimating tomato fractions lycopene concentration (R 2P = 0.95), followed by Phytofluene and phytoene (R 2P = 0.94 and 0.93) respectively and lastly β-Carotene (R 2P = 0.91). Appling NIR technique offering a promising method in terms of rapid, accuracy, save time and effort, low cost, not need use dangerous chemicals, and safety. So, this technology has a greatest importance in internal quality evaluation for agriculture products and also in identification and discrimination between genetic cultivars of plants. Reference value of phytofluene (µg.g -1 )
